Abstract-Context awareness technology is a key technology of digital home that brings a more convenient life. Context awareness technology is a system that catches the information from the sensor network, which is built in environment, the network could get the environment data immediately, and through this data information that network provides, the system could do the exactly the right thing that help people's like getting better. These information data could be location, temperature or humidity.
convenience and job performance. Facing the advent of a global aging society, many developed countries have proposed issues, such as environment, intelligent housing and health-based monitoring and others.
The focus of intelligent space technology is to establish a healthy and comfortable environment, which can enhance users' quality of life and job performance. With the progress and development in home network and office network, more and more technologies have been applied in digital home and digital office, and context awareness technology becomes the key technology which can enhance users' quality of life and job performance. This technology can sense the data at anytime, such as location, temperature, and humidity, and transmit to the server for users or applications. Thus, users can enjoy personalized application services at anytime and anywhere.
Although the existing home network communications platform Open Service Gateway Initiative (OSGi) standard can integrate heterogeneous networks, provide a standard to control network devices, the OSGi standard does not provide the context awareness technology. [1] [2] Thus, if sensor information in home network can be obtained through gateway, which can issue control command to relevant device, the applicability would be enhanced. To achieve this goal, this study proposed a middleware that has an intelligent context aware platform and combines OSGi home network gateway, and discussed the approach to use sensor information to provide users with a better intelligent space environment when the sensors, computers and consumer electronics need to integrate through network platform, in addition to inter-device communication problems.
The remainder of this paper is organized as follows: Section 2 describes the basic framework and standards of OSGi, and related research on Context awareness technology; Section 3 introduces the system development environment and detailed system operational process. Section 4 introduces the experimental system model and presents the simulation results; Section 5 provides the conclusions. The goal of Context aware is to bring convenience to intelligent digital homes. It can transfer the data, such as location, temperature, and humidity to the server at anytime through a sensor network platform built in the environment, for users and applications. After further processing and analysis, the user can enjoy personalized application and services at anytime and anywhere with various devices. The term "context" refers to the detectable information in the environment, and "awareness" refers to the correct feedback after knowing the information. Context aware is the transparent man-machine interface.
II
The general context aware system uses a function-based framework to intelligently identify specific scenarios. Since the scenario is difficult to determine and it requires many sensors, computers, co-operation between mechanical and electrical products can provide more accurate response. Due to various types of sensors, such as computer and electromechanical products, new problems have arisen. Communications between these devices can strengthen the analysis of information on the environment, but the communications becomes another issue, in particular, interaction among two different types of devices is difficulty. Therefore, this study regarded the context and inter-device communications as a key topic.
Many researches can be used to develop context awareness framework, such as: JADE framework (Java Agent Development framework).
[5] One of the popular frameworks is JCAF (Java Context Awareness Framework). [6] It is a context awareness framework based Java, and provides a Java-based, lightweight, efficient and compact interface, which is simply and powerful, so that program developers can develop a more specialized support for context awareness in the relevant fields. Its framework is as shown in Figure The main purpose of context aware system is to allow the system to respond to users' needs. The corresponding inference system can reach this goal, and there are many related researches. Next section will describe the technologies and literatures referred to by this paper in detail.
III.
Construction and practice of intelligent context aware middleware a. System analysis
The following lists the considerations of this paper when designing the context aware system: When using the system devices, the device should be able to collect users' behavior patterns. Due to changes in some environmental factors, users may change their needs into another state in the original system settings, although the Rule-based reasoning can provide clear, customized, and pre-determined user settings, it requires rules set by precise settings, so it is more difficult to adapt to the changing needs of dynamic and rapidly changing environment. In other words, once the rules are set but users' behavior patterns are changed, in the Rule-based reasoning framework, it is necessary to re-write the rules. This responding logical reasoning has a high level of dependency, which causes the restrictions on system design.
Intelligent digital home devices should make life more convenient, rather than becoming a trouble. Some services have dependencies on the environment. Usually, more flexible services would require more setting adjustment. Therefore, this study aimed to minimize the need of search, and provide proper assistance, which means that the system would be automatically triggered based on the previous man-machine interaction. [11] [12] [13] [14] [15] Since general users cannot set a proper standard rules, even though the service providers or manufacturers have designed the services for certain environment, there are different devices for each environment, various services and home environments. As a result, learning system must deal with these environmental variables and the preferences of each person, so as to adapt to environmental changes. Furthermore, if the maturity of system and intelligence scenario can change over time, when the service providers or manufacturers add new features for a device, the system should also consider how to update and access to these functions.
To sum up, since OSGi framework can provide excellent service management environment, it is suitable for the development of services required by intelligent digital homes. As OSGi framework lacks the inference system which studies and analyzes user information, as well as of information exchange mechanisms, this study focused on the existing OSGi framework, so it can have context aware components, such as event trigger, reasoning systems, intelligent learning framework and others, and integrate fragmented environment information into more useful message. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] b. System structure This system was based on the OSGi framework. The system structure is shown in Figure 3 Figure 5 shows the flowchart of sensor data composition, Figure 6 shows the flowchart of identification; Figure 7 shows the flowchart of information collection.
Users can interact with devices to perform data collection. The system can deliver related information, which is the quantity of environmental parameters collected and interaction devices (e.g. UPnP, Bluetooth, infrared, ZigBee), to the backend learning system for information analysis, so as to generate effective information. Furthermore, effective information can be integrated with other information again to form new information. In accordance with the extent of the combination, the level of detail of the users' behavior patterns expressed by the message can be determined, that is, higher level of the combination leads to more accurate description of the ongoing actions of users. (2) Information analysis: its purpose is to determine the user's ongoing behavior patterns. After receiving and analyzing information, system divides interaction information into two categories:
1) a further behavior pattern after interacting with the device; 2) after the operation, the users are not satisfied the environment, or the reaction time of operation is longer, thus need some time to complete. As mentioned above, multiple users in the parallel environment at the same time and device interaction will turn to information analysis, so as to learn the relationship and relevance between the users of this group. Information analysis can also obtain users' series of operations for reasoning system. In short, the composed data is collected in the information collection phase, and is organized and improved into the procedure which can be determined by reasoning system.
For example, when a user is ready to go to bed at 0:00, usually he will close the door, turn off lighting, adjust the indoor air-conditioning temperature, and play music. When preparing for particular behavior pattern, environmental information would frequently change until the environmental settings are finished, so when these environmental messages are transmitted to the context aware system, it can analyze that user is ready to go to bed, as shown in Figure 8 . Figure 9 shows the flow of basic architecture for inference system, which is in the premise of the completing data collection and data analysis. After obtaining environmental parameters, interactive information of devices, behavior patterns, and other data, if inference system is unable to learn from past experience for corresponding record, it would lead these data into a learning system to wait for user feedback, so as to facilitate learning. Otherwise, the reasoning system would begin. To make the right inference and provide assistance, it is necessary to note the interaction between user and machine, so as to achieve the scenario needed, the operations of which are series with irregular order, it is impossible to reason the conclusions accurately and identify the same scenario with different operational orders. During information analysis, the system has reached a balance of these two objectives, so user's operation order at this stage is completed, as shown in Figure 10 . Reasoning system would give judgment standards of possibility to each possible scenario, and the standard is in accordance with the accuracy of its message, as well as the extent of the message combination to give priority. In the flowchart of scenario generation of Figure 11 , when a possible scenario has a higher priority, it is decided and executed, while others with lower priority are not adopted as insufficient information. system will wait for user response to these assistances whether they have reached the functionality required, and transmit these responses to the learning system, which will update rules for these messages, so as to enhance the subsequent intelligent work. The priority of all possible scenarios predicted by inference system is based on message accuracy, as well as the extent of the message combination. However, if there is user feedback, priority would be enhanced or lowered. Therefore, in this stage, the priority of scenarios executed is adjusted after the prediction, as shown in Figure 12 .
Figure 12. User Feedback Flowchart
The following lists the actual operation of the system. Figure 13 shows that when the signals produced by environmental sensor are received by the system, among them, s1, s2, s3, s4, s5 are the message generated by sensors. According to the flowchart in Figure 5 , context provider combines these messages to generate new data E1, E2, E3, E4, as shown in Figure 14 ; if s1, s2, s3, s4, s5 contain user's label information, then reference to Figure 6 for identification. In accordance with E1, E2, E3, E4 and the flow in Figure 8 , context parser determines the act that the user is engaged. When behavior patterns B1, B2, B3 are found, the reasoning system will search for suitable scenario, as shown in Figure 15 ; otherwise, the system will generate new behavior patterns reference for reasoning system in accordance with the s1, s2, s3, s4, s5, E1, E2, E3, E4, and time relations. When the inference system finds the corresponding scenarios C1, C2, the one to be executed is selected as shown in Figure 10 . Similarly, without suitable scenario that meets user demand, Figure 11 shows the user customized scenario provided by system, or create new scenarios by system in accordance with the current scenario s1, s2 , s3, s4, s5, E1, E2, E3, E4, B1, B2, B3. In Figure 16 , the scenarios selected by system are implemented smoothly, and then wait for user feedback, which flow is described in Figure 12 . The user can choose whether to perform scenario changes, if he chooses to amend the relevant settings, whether it is through the user feedback interface or interact directly with the device, they will be recorded in the system, as shown in Figure 17 . To test the implementation of the system, this study built some common devices in home environment on an OSGi framework. In this system, each device had a bundle running in the OSGi framework, before running, the device would register its services provided at the system.
In Table 1 , real-world sensor changes are simulated through data changes in virtual device, when the value in data source changes, it means that the environmental conditions change. Figure 23 shows the graphical interface of system for testing, it is user-friendly communication with the device.
Figure23. Graphical Interface of System for Testing
After completing all the procedures and implementing scenarios, the user feedback graphical interface is shown for users to modify scenario, and even customize the contents of scenario, as shown in Figure 24 . According to Figure26, system can receive a number of scenarios and rules on the first day for the second day; also, in about 7-10 days, the system can collect most of the user scenarios and rules. This conclusion is judged based on the number of system learning scenario, as well as the new rule curves. Series "Found rules" refers to the number of rules found by system; series "Nonscenario rules" refers to the number of non-scenario rules found by system; series "Merge/delete rules" refers to the number of rules deleted by systems when combining; series "Numbers of learning scenario" refers to the number of scenario for system learning. According to Figure 28 , through the curvature of curves, the user behavior patterns collected by system in a week are observed, which can provide the convenience from context awareness for users in the second week.
Through information collection and the reasoning module of information analysis, scenario analysis, and related interfaces, this study proposed an intelligent context aware system that contains the core of the system modular. This system cooperates with the OSGi framework on a parallel architecture, thus, other service providers or manufacturers need not to understand it fully, or transfer their services to this architecture. While their services would be received by system through the OSGi framework, from the service developer's point of view, this intelligent context aware system and OSGi framework are closely connected.
V. Conclusions and future development
Through information collection and the reasoning module of information analysis, scenario analysis and related interfaces, this study proposed an intelligent context aware system that contains the core of the modular system. Since it cooperates with the OSGi framework on a parallel architecture, other service providers or vendors do not need to fully understand the system, or transfer their service to this framework. Their services can be received by system through the OSGi framework, from the service developer's point of view, this intelligent context aware system and OSGi framework are closely integrated.
This intelligent context aware system could establish the hidden scenario data according to the behavioral patterns and the temporary rules, if the new devices or services are developed, users only need to install the device on the OSGi framework, then system could obtain contents of service through service package, so all procedures are ready. If the new device only causes little impact on users' living habits, the system would modify the scenario; otherwise, the system would generate new scenario data.
